Serbian cognitive reserve index questionnaire: Adaptation and validation by Volarov, Marija et al.

Approaches and Models in Special 
Education and Rehabilitation
THEMATIC COLLECTION OF INTERNATIONAL IMPORTANCE
Belgrade, 2020
Approaches and Models in Special Education and Rehabilitation
Thematic Collection of International Importance
Publisher
University of Belgrade – Faculty of Special Education and Rehabilitation 








©Ǧæ©ǡǡ– Faculty of 
Special Education and Rehabilitation
©ǡǡ– 









Proceedings will be published in electronic format CD.
Circulation 150
ͻ͹ͺǦͺ͸Ǧ͸ʹͲ͵Ǧͳ͵ͻǦ͸
By decision no. 3/9 from March, 8th 2008. The Teaching and Research Council 
of the University of Belgrade – Faculty of Special Education and Rehabilitation 
initiated Edition: Monographs and papers.
By decision no. 3/63 from June, 30th 2020. The Teaching and Research Council of 
the University of Belgrade – Faculty of Special Education and Rehabilitation has 
given approval for the printing of Thematic Collection “Approaches and Models in 
Special Education and Rehabilitation“.
11
SERBIAN COGNITIVE RESERVE INDEX QUESTIONNAIRE:  
ADAPTATION AND VALIDATION
Marija Volarov1, Pe!a Miladinovi"1, Ana Gligorijevi"1, Ma#a Poznanovi"2,  
Jovana Obradovi"1, Nemanja Nikoli"1, & Vojislava Bugarski-Ignjatovi"3
1Department of Psychology, Faculty of Philosophy, University of Novi Sad, Serbia 
2Faculty of Law and Business Studies Dr. Lazar Vrkati", Union University, Serbia 
3Department of Psychology, Faculty of Medicine, University of Novi Sad, Serbia

  ȋȌ  ϔ        
neural networks when facing tasks with greater cognitive load serving as a protective 
factor from cognitive decline. In clinical population, it is assumed that CR has the role 
ϔ
alterations between engaged neural networks. In the earliest stages of construct 
ǡǤ
However, accumulated research evidence suggested that CR is a multidimensional 
construct and that various lifelong activities should be taken into account when 
Ǥ 	    ǡ     ȋȌ

of formal and informal education, professional occupational background and engaging 
    Ǥ       
ͷͷͽȋͼͷάȌ
ͷͿ;ͼȋεͺͷǤ͹ͽǡε͸ͷǤͿͷȌǤ
results suggested the same pattern of age differences as reported in previous studies, 
Ǥ  
  ǡ ϔǡ
ϔǡϔ





Passive and active models of reserve
ϐ
came as a result of evidence that showed individuals with similar brain pathology 
       ȋǤǡ
ͳͻͺͻȌǡ
Ǥ   ȋǡ ͳͻͻ͵Ǣ ǡ ͳͻͻ͵Ȍǡ    ȋǢ
ǡʹͲͲʹǡʹͲͲ͵ǡʹͲͲͻȌ
models, respectively. Passive models describe these differences as a function of 
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Ǥ
differences provide different brain damage thresholds which, if exceeded, will result 
  ȋƬǡʹͲͳ͸ǢǡʹͲͲʹȌǤǡ
ϐǲ
of the brain that explain differential susceptibility to functional impairment in the 
 ǳ ȋƬǡʹͲͳ͵ǡǤͷͲʹȌǤ
models, on the other hand, describe active attempts of the human brain to overcome 
     ȋƬ  ǡ ʹͲͳ͸Ǣ ǡ
ʹͲͲͳȌǤ   ǡ    ϐ  ǲ    
       ǡ 




much brain damage one can tolerate before impaired cognitive functioning becomes 
ǤȀ
normal aging and cognitive functioning is depicted in Figure 1. 
	ͷǤ Moderating effect of Cognitive Reserve on the relationship between brain 
pathology/normal aging and cognitive functioning.

      ǡ   ϐ 
ȋƬǡʹͲͳ͵ǢƬǡʹͲͲʹǢǤǡʹͲͲʹȌǤ
   ȋʹͲͳ͵Ȍ       Ȃ  
Ǥ	
      ǡ      
    Ǧ    
ȋƬǡʹͲͳ͵Ǣ
ǡʹͲͲʹȌǤ
    ǡ   ȋʹͲͲʹȌ     
        
 ǡǤǡȋʹͲͲʹȌǡǯ
impact on performance can be visible in healthy individuals engaged in any demanding 
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         ϐ   
      Ǥ ǡ    
        Ǥ   
distinguished in the literature, it is assumed that the distinction between neural reserve 






           ǡ
 ǯ   
provide them with greater CR. In other words, the idea of CR posits that different response 
patterns in face of brain damage depend on lifetime experiences such as education, 
ǡȋǤǤǡǡ
ǡ  Ǣ ǡ ǡ Ƭ ǡ ʹͲͳ͸ȌǤ ǡ 
suggest that underpinnings of CR are amenable to change potentially providing us with 
new guidelines for prevention and   ȋǡ ʹͲͳʹȌǤǡ 




it is plausible that a variety of activities involved in building CR can stimulate structural 
ǡȋǤǡʹͲͳ͸ȌǤ
Proxies of cognitive reserve 
ǡǡ
which particular aspects of human functioning should be considered as a good estimate 
Ǥ	ǡǡǡ
activities, social stimulation, sleep, diet and hygiene seem to be the most promising 
   ȋ Ƭ  ǡ ʹͲͳ͸Ȍǡ      
ȋǡ






to single out any of them because their psychometric properties were poorly assessed, 
if assessed at all. 
In most studies, only education was considered a CR proxy and even in that case 
there were differences in terms of the scale that was used to assess the education 
ȋǤǤǡǤ
ϐȌǤ           
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with both cognitive decline and brain disorders depending on the cognitive function 
ȋǤǡʹͲͳ͸ȌǤǡ
and quality of education in different contexts could potentially confound the observed 
Ǥ  Ǧ     Ǥǡ  ʹͲͳ͸ǡ  ϐ
       ǣ  ǡ
executive functions, visuospatial abilities, language, and overall cognitive functioning 
ǡǤ
	ǡ Ǧ   ȋǦ  Ǥǡ ʹͲͳ͹Ȍ  
ǡǦǡ
and some executive functions are moderated by education.
Besides education, greater premorbid intelligence has been frequently shown as a 
protective factor for executive functions impairments among individuals infected with 
ȋƬǡʹͲͲͲȌǡ
Ǥ
ȋǢ ǡ ͳͻͺͳȌ      ȋǢ ǡ ͳͻͺʹȌ 
Ǥǡ
ǡ
   ϐ   ȋǤǡʹͲͳ͸Ȍǡ
which could potentially explain why education has been chosen more often as one of the 
components of CR over intelligence. 
   ȋ  Ǥǡ ͳͻͻͶȌ    
ǯǦǤ
Ͷǡ
            ǡ
championing the idea that occupational attainment can be considered as a potential 
ȋǤǡͳͻͻͶȌǤ	ǡ
ȋǤǤǡphysical activity, social, and individual types 
  Ȍǡ   ȋ   Ȍǡ  
received ǡǦȋ
ǡǡƬǡʹͲͳʹȌǤ
Most recent approach to measurement of CR

ǡϐ
importance of assessing multiple proxies of CR simultaneously given their synergistic 
ȋǤǡͳͻͻ͵ǢǡǡǡƬǡ
ͳͻͻͷǢǤǡͳͻͻͶǢǤǡͳͻͻͷȌǤ





       ȋ   Ǥ
ǤȌ        Ǥ 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ǡǡǡ
of CR scores for each domain as well as the overall CR index. Considering a growing 
body of literature aiming to provide answers related to the conceptual nature of CR, its 
ǡǡ








ϐ ϐ    
Ǥ	ǡ
CRI, as well as in its subdomains. 
METHOD
Sample and procedure
     ͳͳ͹ ȋ͸ͳΨ Ȍ    




used for study advertisement and only participants without diagnosed neurological 
Ǥ ͸ ȋ
 ʹͲͳ͹   ʹͲͳͺȌ        
ǡ
were previously trained in neuropsychological and psychological assessment using the 
Ǥ
Ǥ
and the details of the study, after which they choose whether they want to participate 
ǤǤ
Instruments
Cognitive Reserve Index Questionnaire (CRIq; Nucci et al., 2011). For the 
purpose of this study CRIq was translated from English to Serbian with minor 
adaptations according to Serbian cultural context. Permission for translation has 
Ǥǡ
            
           
ȋǤǤǡǡ
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Ƭ ©ǡ ͳͻͻͷǢ ǡ ͳͻͺͳȌǤ In this study, only Information subscale from 
Ǥ
Ǥ    
Ǧ




and odd numbers in yellow circles. Participants are instructed to connect all the circles 
following the sequence of numbers from 1 to 25, as fast as possible, ideally without 
lifting a pencil from the paper. Form B is slightly more complex. It contains sequence 
ʹͷǡǤ
    ͳ  ʹͷ       
ȋͳǡʹ ǡ
͵ ǡȌǤ	
of errors are recorded. 
      ϐ ȋ		ǦǢ ©ǡ ʹͲͲ͵ȌǤ 		Ǧ
         ȋȌ 
ȋƬǡ ͳͻ͹͸Ȍ  Ǥ   








   ǣ r α Ǥ͹͸ ȋp δͲǤͲͳȌǢ
rα Ǥ͹Ͳȋp δͲǤͲͳȌǡȋ
ȌrαǤ͹Ͷȋp δͲǤͲͳȌǡǦǤͳͲȋp εͲǤͲͷȌ
 Ǥ        ǡ    
using one of the CR proxies as a criterion and age as a predictor in order to create 
       Ǥ ǡ 
M = 100 and = 15 for the ease 
ȋǤǡʹͲͳͳȌǤ
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N Min  M  Skewness Kurtosis
ǣ 115 0 75 ͳͺǤ͹Ͷ ͳͺǤͺ͸ 0.81 ǦͲǤʹ͵
ǣ 115 ͳͶ 550 ͳͶ͹ǤͲ͵ 109.77 1.05 ͲǤͺͶ
ǣ 115 1 ͵Ͳ ͳ͸Ǥͳʹ ͵Ǥͷͻ 0.51 ͶǤ͹͸
 115 ͺǤ͸͹ 208 ͸ͲǤ͸͵ ͶͳǤͳʹ ͲǤͻ͵ 0.52
ǣ 117 ͸ ͵Ͳ ʹ͵ǤʹͲ 5.27 ǦͳǤ͵ͳ 1.72
		Ǧǣ 117 2 22 11.02 ͶǤʹͻ ͲǤʹ͵ ǦͲǤʹ͹
		Ǧǣ 117 ͵ 21 ͳʹǤͶͶ ͶǤͲͻ ǦͲǤʹͺ ǦͲǤͳͻ
		Ǧǣ 117 2 19 ͳͲǤ͵ͺ ͵Ǥͺ͹ 0.15 ǦͲǤͷͷ
		Ǧǣ 117 8 ͵͹ 17.81 ͶǤͻʹ 0.72 2.01
ǣ 117 15 170 ͷͲǤͷ͸ ʹ͸Ǥͺʹ 2.02 ͷǤ͵ͻ
ǣ ͳͲ͸ 0 2 ͲǤͲ͸ 0.27 ͷǤʹ͸ ʹͻǤͻͶa
ǣ 117 ͵͹ ͵͵Ͷ ͻ͸Ǥͻͻ ͷͶǤ͵ͺ ʹǤͲ͸ ͷǤͲͶ
ǣ ͳͲ͸ 0 Ͷ 0.21 ͲǤ͸͸ ͶǤʹ͸ ʹͲǤͷ͵
Note: Presented are descriptives for raw CRI scores.




ϐ F ȋʹǡͳͳͳȌα͸Ǥʹʹͷ, p αͲǤͲͲ͵ǡɄ2 = 0.101, 
F ȋʹǡͳͳͳȌα͵Ǥ͹ͻͻ, p = 0.025, Ʉ2αͲǤͲ͸ͶF ȋʹǡͳͳͳȌαͷǤͳͳͲ, p 
= 0.008, Ʉ2αͲǤͲͺͶǡϐ
F ȋʹǡͳͳͳȌαͳǤʹ͸ͳ, p = 0.287, Ʉ2 = 0.022. Further multiple comparisons have been done 
Ǧ
ͳǤ	
  ϐ    
Ǧȋp δͲǤͲͳȌǦȋp < 
ͲǤͲͳȌǤǡϐǦ
ȋp δͲǤͲͷȌǤǡ
older adults differs from the mean score for younger adults for only 0.02, we could 
ϐǦȋN = 
ͳͻȌȋN α͵ͶȌǡǤ	ǡǦ
ԙ           ǡ 
variables were omitted from further analyses. 
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CRI proxy Gender N M  t df p
Education
male ͶͶ ͳͲͲǤ͸ʹ ͳͶǤͺʹ
ͲǤ͵ͷ 112 0.725
female 70 ͻͻǤ͸ͳ 15.10

male ͶͶ 97.89 ͳʹǤͲͶ
ǦͳǤʹͲ 112 ͲǤʹ͵͵
female 70 ͳͲͳǤ͵͵ ͳ͸ǤͶͶ

male ͶͶ 98.22 17.55
ǦͳǤͲͳ 112 ͲǤ͵ͳ͸
female 70 101.12 ͳ͵ǤͲͶ

male ͶͶ ͻͺǤ͵͵ 17.82
ǦͲǤͻͶ 112 ͲǤ͵Ͷ͹
female 70 101.05 12.82




age differences between genders t ȋͳͳͶȌαǦͲǤͲͺͶǡp <0.05. 
͵Ǥ Average CR scores for males and females across age groups 






ȋͳͺǦ͵ͷȌ 25 ͻͷǤ͵͸ 97.71 ͻ͹ǤͶͺ 97.10
ȋ͵͸ǦͷͷȌ 5 ͳͳ͹Ǥͷ͸ ͳʹʹǤ͸ͺ ͳʹͷǤͳ͵ ͳʹ͹Ǥ͸͸
ȋεͷͷȌ ͳͶ ͻͷǤ͵ͺ ͻ͹Ǥͻ͸ ͺͻǤͻͶ 90.05
Female
ȋͳͺǦ͵ͷȌ ͵͸ 101.92 98.11 98.89 ͻͺǤ͹͸
ȋ͵͸ǦͷͷȌ ͳͶ ͳͲͲǤͶͳ ͳͲ͸Ǥʹ͵ ͳͲʹǤͶͷ ͳͲ͵Ǥʹʹ
ȋεͷͷȌ 20 100.91 ͻ͹Ǥ͸͸ ͳͲͶǤʹͲ ͳͲ͵Ǥ͸Ͷ
CR and cognitive functioning 
Ͷǯϐǣ
ǡǡǡǤ
ǦǦ    ǡ    
  ǡ 
time. 
ͶǤ Pearson correlations between CRI scores and cognitive functions
Education   
ǣ ǦǦ 0.252** ͲǤͶͳ͵ȗȗ ͲǤͶ͸͹ȗȗ
ǣ ǦǦ ǦǦ 0.215* ͲǤ͵ͷͻȗȗ
ǣ ǦǦ ǦǦ ǦǦ 0.988**
ǣ 0.287** ͲǤͳ͵ͳ 0.158 0.179
		Ǧǣ ͲǤͳ͸Ͷ ǦͲǤͲͺͷ ͲǤͲ͸͹ 0.058
		Ǧǣ ͲǤͳͷ͵ ͲǤͲͳͶ 0.121 0.122
		Ǧǣ ͲǤͳͳͶ ǦͲǤͲͺ ͲǤͲͶ͵ ͲǤͲ͵Ͷ
		Ǧǣ 0.211* 0.099 ͲǤͲ͸ͳ 0.08
ǣ ǦͲǤʹͲ͵ȗ ǦͲǤͲ͹͵ ǦͲǤͳͺͶ ǦͲǤͳͻʹȗ
ǣ ǦͲǤͳ͸͹ ǦͲǤͲͶ ǦͲǤͳͳ͹ ǦͲǤͳʹ͵
Note: ** p <0.01, * p <0.05
For testing convergent validity of CIRq scores Pearson correlations were calculated 
ǡǡǡ
  Ǥ      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DISCUSSION

of direct relationship between the degree of a present brain pathology and manifest 
  ȋǡ ʹͲͲʹȌǤ    
ǡǡ
determined by innate characteristics, while the latter is shaped by lifelong, cognitively 
stimulating experiences. Given that CR cannot be directly measured it is yet to be 
determined which activities that people are practicing during the life are playing the 
   ǡ        Ǧ Ǧ
related cognitive decline in healthy people and serves as a buffer when brain pathology 
is already present. In the latest years, studies have shown that education, occupation 
and cognitively stimulating leisure activities seem to be the most prominent proxies 
 Ǥ ǡ          ǡ
and they were rarely presented all together within the same study, which causes 
ϐǤ
 ȋǢ   Ǥǡ ʹͲͳͳȌ      

CR that incorporates those proxies that most of the studies argued for – education, 
   Ǥ   
ǡ
ǡ
years of practicing different stimulating activities such as reading, going to the movies, 
driving, etc. CRIq enables calculating scores for each proxy as well as overall CR index 
ȋȌǤ
languages so far, and the aim of this study was to address validity issues of its Serbian 
translation and adaptation using a community sample consisted of healthy participants 
ȋȌǤ






 Ǥ ǡ 
Ǥǯ
ȋǡǤǡʹͲͳͻȌǤ
Investigating correlations among CRIq subscales as well as correlations between 
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ǤȋʹͲͳͳȌ
ǤͺͲǡǤ͹Ͳ
Ǥ ǡ ϐ        
ϐ
ȋǤǤǡǡ




additional efforts need to be made when calculating CR scores based on CRIq. Such 
score should be able to differentiate, for example, those who were engaged in activities 
that require different amounts of cognitive load, or in jobs that require different 
ϐ   ȋǤǤǡ ȌǤ




 Ǥ          
ǡ
 Ǥ    ϐ      
ǡǤϐ
    ȋʹͲͳʹȌǤǡ   




pattern of the results this study yielded it could be argued that after all only Education 
subscale seems to be useful when assessing CR because it is the only subscale that was 
related to several measures of cognitive functioning, and these results provided some 
       Ǥ ǡ  
used in this study was considerably small and it might be the case that the study was 
ϐǤ	ǡϐ
small correlation obtained between Education subscale and Information subscale, and 
ϐǡ    
probably not the best choice, or at least should not be used alone for the assessment 
of premorbid cognitive functioning as it has been usually done in clinical practice. 
   ϐ
measures of cognitive functioning is that these measures of cognitive functioning were 
not enough cognitively demanding for healthy participants, hence the performance was 
Ǥǡ
Ǥǡ
these cognitive measures could be used with additional cognitive load. Frequency of the 

ȋǤǤǡǤȌ
the way these scores behave in relationship with other variables. Finally, conclusions 
ǦǤ
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  ǡ      ϐ      ǡ
additional studies that include larger samples, as well as inpatient samples are 
ϐǤǡ

score. Finally, this version of CRIq seems to be a promising tool for the assessment of 
ϐ
ȋǤǡʹͲͳͷǢǤǡʹͲͳͳǢƬǡʹͲͳʹǢ
ǡ  Ǥǡ ʹͲͳͻȌ         
multiple administrations even in different cultural contexts.
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